Introduction
Tourmalinites are known from numerous metamorphic sequences around the world, and their origin is most commonly interpreted by one of the following processes:
(1) Interaction of metapelites and B-rich hydrothermal/ magmatic or metamorphic fluids (Appel 1985; Plimer 1988; Slack et al. 1993; Slack 1996) ;
(2) Metamorphism of B-rich exhalites or evaporites (Abraham et al. 1972; Slack et al. 1984; Chown 1987) ;
(3) Metamorphism of detrital tourmaline accumulations derived from tourmaline-rich source rocks, for example B-rich granites Dutrow 1996, 1997) .
However, more genetic scenarios are theoretically possible (Slack 1996) .
Regardless their exact genesis, studying the tourmalinites may clearly contribute to knowledge of metamorphic and/or magmatic B-rich fluids and could also provide data for lithostratigraphic correlations (Slack et al. 1993; Henry and Dutrow 1997) .
Tourmalinites occur in several geological units of the Bohemian Massif. Kebrt et al. (1984) and Lhotský (1982) described tourmalinite layers enclosed in gneisses in the Varied Unit of the Moldanubian Zone north of Jindřichův Hradec. Tourmalinites hosted in mica schists are present in the Krkonoše-Jizera Unit, near Žacléřské Boudy and Smrčí in the Krkonoše Mts. and near Nové Město pod Smrkem in the Jizera Mts. (Vašák 1981; Rambousek 1983) . In the Krušné Mts. area, tourmalinites occur near Tisová in a sequence of phyllites, meta-tuffites and metabasites and in the Měděnec area hosted in mica schists (Kebrt et al. 1984; Pertold et al. 1994; Šrein et al. 1997) .
Tourmalinite layers hosted in mica schists are abundant in the Svratka Unit but their nature and genesis have been little studied so far. The occurrences of such tourmalinites in the Svratka Unit (SU) were first reported by Veselý (1969) ; synoptic characterization was published by Kebrt et al. (1984) . These authors considered the pre-metamorphic origin of boron and interpreted the tourmalinites as syngenetic rocks without any relationship to tourmaline metagranites common in the southern part of the SU. Tourmalinites in the studied area were focal point for geological prospection for boron (Páša and Hranáč 1994) .
The tourmalinites from Pernštejn underwent retrograde regional metamorphism at P > 3-4 kbar and T > 400-500 °C, which produced tourmaline-rich quartz segregations (Qtz + Tu ± Ms ± Ky ± And ± Pl) (Houzar et al. 1997 . Tourmaline of both paragenetic types (the tourmalinites and the tourmaline-rich quartz segregations) corresponds to intermediate members of the schorl-dravite series, with an elevated F content in some places (Houzar et al. 1997 .
The purpose of this paper is to report new petrographic, mineral and whole-rock chemical data from the tourmalinites and associated mica schists of the Svratka Unit, constrain their genesis and to contribute to the ongoing discussion of processes leading to the formation of these intriguing F-and B-rich rocks.
Geological setting
The studied region is situated in the southern and central parts of the Svratka Unit near the border with the Moldanubian Zone, the Moravian Dome and the Polička Unit (Bohemian Massif). The area is built by mediumto coarse-grained mica schists, paragneisses, migmatites, F-, Sn-and B-rich orthogneisses, coarse-grained porphyritic metagranites, amphibolites, serpentinites and rare marbles (Němec 1979 (Němec , 1986 Melka et al. 1992; Houzar et al. 1997 Houzar et al. , 2006 Buriánek et al. 2009 ). Tourmaline is a common mineral in this area (Němec 1979; Pertoldová 1986; Novotná 1987; Novák et al. 1998; Čopjaková et al. 2007; Buriánek and Čopjaková 2008) . It forms disseminated grains in mica schists and gneisses, whereas in migmatites it is typically concentrated in tourmaline-rich layers or nodules. Tourmalinites occur in conformable layers and boudins in garnet-muscovite mica schist and muscovite mica schist, predominantly in the southern part of the Svratka Unit.
Several phases of metamorphism were recognized within the SU (Buriánek et al. 2006) . Relics of the oldest HP-HT metamorphism (M 1 ~12 kbar) were reported from skarns (Pertoldová et al. 1998; Blažková 2005; Pertoldová et al. this volume) . The conditions of regional metamorphism (M 2 ) of the SU were estimated at ~ 640-670 ºC and 6-8 kbar (Tajčmanová et al. 2005 ). This metamorphic event was recorded especially in mica schists by the stable mineral assemblage Ms + Bt + Grt + St + Ky (Tajčmanová et al. 2005; Buriánek and Čopjaková 2008) . The presence of latter formed sillimanite aggregates is probably associated with a retrograde metamorphic event (M 3 ) at ~ 580-650 °C and 5-6 kbar (Buriánek and Čopjaková 2008; Buriánek et al. 2009 ). Chlorite partially replaced garnet and biotite as a result of retrogression during exhumation of the SU.
Methods
Tourmalinites and the surrounding mica schists were taken from outcrops or slope debris in the southern and central parts of the SU at localities Borovnice, Jimramov, Kozlov, Ujčov, Kovářová, Nedvědice-North, Nedvědice-South, Pernštejn, as well as at Rožná at contact between the SU and the Moldanubian Zone, and near Tišnov at Klucanina Hill (Klucanina Group) (for sample locations, see Tab. 1 and Fig. 1 ).
The mineral compositions were determined using the Cameca SX 100 electron microprobe at the Joint Laboratory of Electron Microscopy and Microanalysis of the Masaryk University and the Czech Geological Survey in Brno. Operating conditions for analyses were as follows: an accelerating voltage of 15 kV, a beam current of 10 nA for tourmaline, feldspar, mica, and 20 nA for garnet; a beam diameter of 5 µm for tourmaline, feldspar and mica, and <1 µm for garnet. Natural and synthetic standards were used (Si, Al -sanidine; Mg -olivine; Fe -almandine; Ca -andradite; Mn -rhodonite; Ti -Ti-hornblende; Cr -chromite; Na -albite; K -orthoclase; P -apatite; F -topaz; Cl, Vvanadinite; Zn -gahnite; Cu-metallic Cu; Y -YAG). The raw concentration data were corrected using the method of Pouchou and Pichoir (1985) .
The tourmaline group is represented by the general formula XY 3 Z 6 T 6 O 18 (BO 3 ) 3 . The procedure assumes the total B = 3 and OH + F = 4 atoms per formula unit (apfu), although OH + F < 4 is very likely.
Mica formulae were obtained on the basis of 12 anions, all Fe is reported as Fe 2+ and the water content was recalculated according to the relation OH + F + Cl = 2 apfu. The garnet formulae were normalized on the basis of 12 oxygen atoms, Fe 2+ and Fe 3+ amounts were assessed according to the ideal stoichiometry and charge-valence calculation.
The Thermocalc program v. 2.7 was employed for the calculation of the P-T conditions in the metapelites. It was run in the average P-T mode using the data set and activities from the AX program (Holland and Powell 1998) .
The whole-rock major-and trace-element analyses were determined in the Acme Analytical Laboratories, Ltd., Vancouver, Canada. Major oxides were analysed by the ICP-MS method. Loss on ignition (LOI) was calculated from the weight difference after ignition at 1 000 ºC. The REE and other trace elements were analyzed by INAA and ICP-MS following LiBO 2 fusion. The geochemical data were recalculated using the GCDkit software package (Janoušek et al. 2006 ).
Geological position and petrography of tourmalinites and associated mica schists

Geological position of tourmalinites
The studied tourmalinites form stratiform layers or lensshaped bodies of variable thickness (<1 cm to up to 1 m) commonly enclosed in mica schists, but their outcrops are relatively rare. The tourmalinites are often found as debris in the southern part of the Svratka Unit near the villages of Pernštejn, Kovářová, Ujčov and Kozlov (Fig. 1 ). These occurrences indicate that they form a N-S trending discontinuous belt, which continues near the border with the Polička Unit near Jimramov. An isolated  Fig. 2 Tourmalinites in Back-Scattered Electron (BSE) images. a -Large tourmaline crystal with highlighted zones I-III; b -Tourmaline from the Kozlov locality; c -Tourmaline from Kovářová; d -Detailed image of a small schorl core in tourmaline from Rožná; e -Tourmaline without core, Rožná; f -Tourmaline with inner dravite core and highlighted tourmaline zones I-III, Tišnov; g -Garnet enclosing quartz and tourmaline from the Nedvědice-South; h -Tourmaline grains enclosed in kyanite, Nedvědice-South. The symbols for rockforming minerals are after Kretz (1983 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
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petrography of tourmalinites and associated mica schists
The tourmalinites usually have a relatively simple mineral assemblage. They predominantly consist of preferentially oriented elongated tourmaline and quartz. The tourmaline contents vary from 15 to 70 vol. %. Minor minerals include muscovite, garnet and, in some samples, also biotite, kyanite, sillimanite, plagioclase and K-feldspar. Feldspars usually occur in small pegmatoidal lenses (Qtz + Kfs + Pl + Ms). Accessory minerals include apatite (in places it reaches 10 vol. %, though), rutile, ilmenite, and rarely also zircon with monazite. Two-mica schists grading to muscovite schists and two-mica schists with sillimanite and garnet, all with abundant columnar tourmaline, represent the typical country-rock of tourmalinites. The modal amounts of plagioclase vary. Minor to accessory minerals include kyanite, staurolite, apatite, zircon and monazite. The mineral association (Qtz + Ms ± Bt ± Grt ± Sil ± Ky ± Pl ± Tu ± St) and rock structure are characteristic of mica schists in the whole Svratka Unit. Staurolite occurs typically only in mica schists of the northern part of the SU. In mica schists of the central and southern parts of the SU (approximately south of the Svratka-Polička line) staurolite occurs only occasionally as small inclusions in garnet or quartz or in quartz lenses (for more details see Buriánek and Čopjaková 2008) . The mineral assemblages of the individual tourmalinite and mica schist samples are listed in Tab. 1.
Mineralogy and chemical composition of tourmalinites and their host rocks
5.1. Tourmaline
Tourmaline in tourmalinites
Tourmaline in the tourmalinites forms euhedral to subhedral preferentially oriented crystals. Three tourmaline zones were distinguished in the BSE images and under the optical microscope: the core (zone I) with strong bluegrey pleochroism, an internal rim of the core (zone II) with pale-brown pleochroism and the outermost zone (zone III) with brown pleochroism. A detailed BSE image of a large tourmaline crystal with highlighted individual zones I-III is shown in Fig. 2a . Patchy zoning in tourmaline cores was observed under the optical microscope and in the BSE images. The number and size of tourmaline cores decrease from the northern localities (Jimramov, Kozlov, Ujčov, Kovářová) ( Fig. 2b-c) to the south and west, i.e. towards the boundary with the Moldanubian Zone. The cores are relatively abundant, but very small, in samples from Pernštejn, and occur only occasionally at Rožná (Fig. 2d-e) . Tourmaline cores are also abundant and relatively large in tourmalinites near Tišnov (Fig. 2f) , similar to those from the Kozlov or Jimramov localities. Tourmaline cores are anhedral, brecciated and rehealed, and enclosed in younger tourmaline of the zone II. Small tourmaline grains composed of the core (zone I) rehealed and rimmed by a narrow zone II are typically enclosed in garnet, kyanite, biotite or muscovite ( Fig. 2g-h ). Representative analyses of tourmaline from different zones are presented in Tab. 2. Chemical compositions of tourmaline from tourmalinites in the SU are plotted in Fig. 3 and those from the Klucanina Group in Fig. 4a .
Tourmaline -Zone I. The chemical composition of the cores corresponds to Al-rich schorl with high X-site vacancy (Tab. 2). The Z-site is fully occupied by Al. . The X-site is predominantly occupied by Na, with the elevated X-site vacancy ranging from 0.17 to 0.46 pfu. The Ca content is often slightly elevated, corresponding to 0.5-0.9 wt. % CaO (0.09-0.15 Ca apfu); at Kozlov it scarcely reaches up to 2.6 wt. % CaO (0.46 Ca apfu). The fluorine contents in the Fe-rich cores attain 0.43 apfu but in some cases they are below the detection limit of the electron microprobe.
Moreover, some tourmaline grains from the tourmalinites of Tišnov contain a small inner core enclosed by a schorl of zone I, dark in BSE image (Fig. 2f) . These inner cores, together with the schorl host, are crushed and healed by the tourmaline of the zone II. The inner core corresponds to almost pure dravite (X Mg = 0.94-0.96, Al = 6.05-6.19 apfu, X-site vacancy = 0.12-0.26 pfu) with the highest F content (~0.4 apfu) of all the zones in tourmaline of the Tišnov tourmalinites (see Tab. 2).
Tourmaline -Zone II. Tourmaline of the zone II overgrows the core (zone I) and fills cracks in it. In the fine-grained tourmalinites, these zones are too narrow for electron microprobe analysis. On the other hand, this zone is most evolved in the relatively coarse-grained tourmalinites (Kozlov, Jimramov and Rožná localities), mainly in tourmaline grains, which are not enclosed by other rock-forming minerals. The tourmaline of this zone corresponds to dravite. Although the Al contents are the lowest of all three zones, the Z-site is usually fully occupied by Al and up to 0.37 apfu Al still enters the Y-site. Typical of this zone is high and variable Mg (1.29-2.15 apfu) at the Y-site, with X Mg varying from 0.51 to 0.78. The titanium contents are low, close to 0.4 wt. % TiO 2 (0.05 Ti apfu). Dravite is characterized by low, but variable, X-site vacancies (0.10-0.28 pfu) and very low Ca (usually below 0.06 apfu, 0.3 wt. % CaO). The tourmaline of this zone attains the highest F contents (up to 0.66 apfu, 1.27 wt. % F). Tourmaline -Zone III. The outermost zone of the tourmaline crystals, predominating by volume, represents a relatively homogeneous schorl-dravite composition in the individual samples but the average X Mg (0.30-0.71) varies significantly. In all the diagrams, its composition falls between tourmaline of zone I and tourmaline of zone II (Figs 3-4) . The Z-site is usually fully occupied by Al, and up to 0.45 Al apfu enters the Y-site. The titanium contents are low to moderate (0.18-0.91 wt. % TiO 2 , 0.02-0.11 apfu). Sodium predominates at the X-site, with a moderate X-site vacancy (0.10-0.39 pfu). The calcium amount does not exceed 0.13 apfu. The fluorine contents vary from 0.05 to 0.50 apfu. The outer zone exhibits weak zoning with a decrease in Mg at the Y-site, increasing Fe, and an increase in vacancies at the expense of Na at the X-site toward the tourmaline rim.
Tourmaline in associated mica schists
Tourmaline in mica schists forms euhedral columnar porphyroblasts up to 5 cm long and 1 cm in diameter. Its modal amount varies significantly, from an accessory to the major rock-forming mineral. It often encloses other rock-forming minerals as muscovite, biotite, garnet and quartz (see Fig. 5a-b) . Representative analyses of tourmaline from mica schists are presented in Tab. 2. Chemical compositions of tourmaline from mica schists are plotted in Fig. 4b . This tourmaline corresponds to Al-rich schorl-dravite passing to foitite (Al = 6.09-6.70 apfu, Na = 0.45-0.84 apfu, and X Mg values range from 0.22 to 0.66). It usually exhibits evident continuous zoning (Mg decreases and Fe increases rimwards). A zonal rim is locally present with an increase in Fe and Al accompanied by a decrease in Mg and Na towards rim (Fig. 5a-b) . Oscillatory zoned tourmaline grains were also recorded (Fig. 5c) . Chemically homogeneous cores free of inclusions, corresponding to dravite (Al = 5.98-6.26 apfu, Na = 0.66-0.82 apfu, X Mg = 0.66-0.77), are rare. Variable, usually moderate to high F contents (0.13-0.60 apfu) are typical of the tourmaline in mica schists, except rare cores with low F (below 0.08 apfu).
Substitution mechanisms
Although the chemical composition of tourmaline from the tourmalinites varies significantly from Al-rich schorl to dravite, similar trends were observed for all three zones in all the studied crystals. A decrease in Al at the Y-site is accompanied by a decrease in X-site vacancy, Fe at the Y-site, as well as an increase in Na at the Xsite and Mg at the Y-site (Fig. 6) Calcium is typically the highest in the schorl core and the lowest in the tourmaline of the zone II. Only a negative correlation of Ca and Na in the outer zone III is evident. The relatively low Ca content makes prediction of a reliable substitution mechanism for Ca at the X-site difficult. Only the rare tourmaline core with variable and anomalously high Ca (0.03-0.47 apfu) exhibits positive correlation of Ca with Mg and negative correlation of Ca with Y Al, Na and X-site vacancies.
associated micas and garnets
Muscovite from the tourmalinites and associated mica schists contains relatively high paragonite (usually 9-25 mol. % and 5-17 mol. % respectively), and phengite components (usually 8-23 mol. % and 10-36 mol. % respectively). Representative analyses of muscovite are presented in Tab. 3. The F contents in muscovite from tourmalinites range from 0.17 to 1.25 wt. % (up to 0.27 apfu) and those from the mica schists are yet higher (0.15-2.36 wt. %, 0.03-0.51 apfu). Fluorine contents exhibit a positive correlation with the phengite and a negative one with the paragonite components.
Biotites from both the tourmalinites and the surrounding mica schists correspond, with exceptions, to annite with the Mg/(Mg + Fe) ratio varying from 0.23 to 0.51 (Tab. 4). Variable, but usually elevated, F contents (0.10-1.69 wt. %, 0.02-0.42 apfu) are common. Garnet in tourmalinites forms equant grains up to 2 cm in diameter, typically of euhedral shape, but anhedral grains also occur. The crystals are often poikilitic (Fig. 2g) , sometimes with extremely inclusion-rich cores. Quartz, tourmaline, muscovite, biotite and plagioclase are common minerals forming inclusions. The outer parts of the garnet grains are poor in inclusions. Garnet in the mica schists forms predominantly euhedral to subhedral rotated porphyroblasts up to 1 cm in diameter. It is typically poor in inclusions, or contains abundant inclusions of quartz (Fig. 5d) . On the other hand, inclusions of garnet were commonly observed in tourmaline crystals (Fig. 5b) .
Garnet represents an almandine-rich composition corresponding to Alm 79-92 Prp 4-15 Sps 0-13 Grs 0-4 Adr 0-3 in tourmalinites and Alm 64-88 Prp 3-15 Sps 1-20 Grs 0-19 Adr 0-3 in mica schists (Tab. 5) . The central part (poikilitic in tourmalinites) of the garnet grains is chemically homogeneous or exhibits an increase in Fe and Mn and decrease in Mg and X Mg toward the centre (Fig. 7a, c) . Calcium contents are variable but are often the highest in the core. The outer zone of garnet grains is characterized by the rimward depletion in Mg and the enrichment in Mn and Fe (Fig. 7b, d) . 
Whole-rock chemical composition of tourmalinites
The tourmalinites and the surrounding mica schists have mutually very similar chemical compositions (Tab. 6). This comparison is based on the complete chemical analyses including trace elements of 6 samples of tourmalinites and 4 samples of mica schists. The unpublished chemical analyses of tourmalinites (the major elements together with B and F determinations) of M. Novák were also included. The SiO 2 and Al 2 O 3 contents in the tourmalinites vary significantly, in accord to modal amounts of quartz and tourmaline. The tourmalinites compared to the chemical composition of the surrounding mica schists (Fig. 8a) , are poorer in Na 2 O (0.03-2.19 wt. %), K 2 O (0.00-2.32 wt. %), Ba (16-280 ppm), Sr (13-110 ppm), Rb (11-75 ppm), Cs (0.2-2.8 ppm), and U (1.9-4.9 ppm). On the other hand, the tourmalinites exhibit relatively higher contents of MgO (1.1-4.6 wt. %) and high B (0.54-3.05 wt. %) with F (0.12-0.96 wt. %). The content of B in the mica schists varies significantly (13-3200 ppm) at relatively uniform but high F content (0.09-0.37 wt. %). Trace elements (Ba, Sr, Co, Cr, Ni, V, Cu, Zn, Sn, As) in tourmalinites are usually low, however, some samples are enriched in P (up 1.0 wt. % P 2 O 5 ), As (up 170 ppm) or Sn (up 38 ppm).
The total REE contents range from 54 to 526 ppm. The chondrite-normalized REE patterns for tourmalinites and mica schists are fairly similar (Fig. 8b) with variable but usually distinct fractionation of the LREE (Ce N /Sm N = 1.3-3.3). The HREE show relatively flat trends (Gd N / Yb N = 0.7-2.8). A negative europium anomaly (Eu/Eu* = 0.4-0.6) is also characteristic. Fig. 6 Simple binary plots for tourmaline compositions used for testing of substitution mechanisms. Values are given in apfu.
p-T metamorphic conditions
Thermobarometric conditions (P-T) of mica schists from the central and southern part of the SU were obtained using the garnet rims and matrix phases (muscovite, biotite, sillimanite and plagioclase). The calculated P-T conditions for this mineral assemblage yielded comparable results: the central part of the SU (Borovnice) -598 ± 27 °C and 5.7 ± 1.2 kbar, the southern part of the SU -(Pernštejn) 625 ± 43 °C and 5.3 ± 1.8 kbar. Mica schists from Tišnov indicate P-T conditions of 642 ± 89 °C and 8.8 ± 3.4 kbar for the garnet rim and micas with plagioclase in the matrix.
Discussion
Tourmaline evolution
Unlike garnet, tourmaline in the tourmalinites commonly exhibits complex zoning. Comparable chemical compositions, zoning and substitution mechanisms in tourmalines from all the studied samples testify to the same origin of tourmalinites in the whole region. The tourmaline represents the oldest mineral in association, as no inclusions of other rock-forming minerals (except quartz) were found. On the other hand, the schorl cores (zone I), rimmed by narrow tourmaline of zone II with dominant dravite component are typically enclosed by garnet, annite, muscovite or kyanite (Fig. 2g-h ). These relations suggest that the tourmaline of zone I and, in part, that of zone II, was produced before crystallization of the garnet and remaining phases.
The Al-rich schorl with a high X-site vacancy and relatively low fluorine content (zone I), is the oldest tourmaline generation in the tourmalinites of the SU. The presence of cores with a complex structure in the tourmaline crystals indicates multiphase evolution of the rocks. Chemical composition of tourmaline of the zone I is similar to that from quartz-tourmaline rocks for instance, at Mt. Isa, Broken Hill, Sundown Group (Australia) and in the Belt-Purcell Supergroup (Canada), where the tourmaline precipitated from Fe-rich exhalative fluids, which passed though a thick column of clay-rich sediments (Plimer 1983 (Plimer , 1988 Beaty et al. 1988; Slack 1993 Slack , 1996 . The low fluorine content is probably crystallochemically controlled, with limited entry of F in tourmaline with a high X-site vacancy (Henry and Dutrow 1996) . Our observations do not indicate that the tourmaline cores could represent grains of a pre-metamorphic detrital tourmaline, namely: i) continuous compositional trends for tourmalines in the individual zones, as well as at all the studied localities, ii) an accessory mineral assemblage. Regarding the latter point, high abundance of detrital tourmaline is typical of an ultra-stable association of heavy detrital minerals, characterized by the zircon and rutile presence. However, in the studied samples, zircon is rare, and rutile in the form of anhedral grains incorporated in the mosaics of silicate minerals is probably not of detrital origin. Rarely, the schorl cores carry minute dravite domains (the Tišnov locality) indicating a complex, pre-metamorphic history. It is not possible to exclude a detrital origin in these cases and their primary origin is problematic. Magnesium-rich tourmaline is typical of metacarbonates (dolomites), metaevaporite sequences, ultramafic rocks, Cr-and V-rich metasediments or granulite-facies rocks. However, the Cr and V contents, which are typical of the tourmaline from ultramafic rocks and or Cr-and V-rich metasediments (Treloar 1987; King and Kerrich 1989; Michailidis et al. 1995) , are in the inner dravite cores below the detection limit of the EMPA. Tourmaline from metacarbonates usually contains a high uvite component (Brown and Ayuso 1985; Henry and Guidotti 1985) , but the Ca contents in the studied dravite core are very low (below 0.03 apfu Ca). A high-grade metamorphic origin is probable, although tourmaline is rarely found in granulite-facies rocks (Broken Hill, Australia; the Acadian granulite-facies region, the south-central Massachusetts), in which the second sillimanite isograd has been exceeded (Slack et al. 1993; Thomson 2006) . However, high Ti contents typical of the tourmaline from high-temperature metamorphic rocks (Willner 1992) are missing in these inner dravite cores (< 0.2 wt. % TiO 2 ). Based on chemical composition and textural relationship with other rock-forming minerals, dravite rich in F and Na, and having a low X-site vacancy (zone II) overgrowing or replacing the schorl core (zone I), probably corresponds to crystallization of tourmaline in the course of prograde metamorphism. Elevated P-T conditions stabilize increased F and Na in tourmaline, and a high X Mg is characteristic of tourmaline crystallized in metapelites under amphibolite-facies conditions (Henry and Guidotti 1985; Grew et al. 1990; Dutrow 1996, 1997) . Because of the tourmaline's wide stability range (Werding and Schreyer 1984) , the primary composition of this mineral in tourmaline-rich rocks of many localities worldwide (e.g. Mt. Isa Orogen, Olary Block, Broken Hill Block; Australia) is preserved regardless a later metamorphic overprint even under amphiboliteand granulite-facies conditions (Taylor and Slack 1984; Plimer 1988) . Additional input of F-and B-rich fluids is supposed for growth of this younger metamorphic tourmaline. It is probable that partial melting of gneisses in the SU took place during this stage of prograde metamorphism, resulting in crystallization of the associated peraluminous migmatites or metagranites, which also contain F-rich tourmaline (Němec 1979; Melka et al. 1992; Novák et al. 1998) . The associated metagranites represented another potential source of B-and F-rich fluids.
Relatively homogeneous tourmaline with the schorldravite composition in the outer parts of the crystals (zone III), characterized by a slight decline in X Mg and F toward the crystal margin, represents possibly a product of retrograde metamorphism, accompanied by introduction of B-and F-rich fluids. Calculated P-T conditions ~ 600-630 ºC and 5-6 kbar for the mica schists of the southern and central part of the SU are interpreted as being a product of retrograde metamorphism marked by disappearance of kyanite and staurolite as well as growth of garnet porphyroblasts associated with sillimanite (for more details see Buriánek and Čopjaková 2008) . The tourmaline rims in the tourmalinites from Jimramov contain relatively high Ca (0.104-0.138 apfu). Garnet in these samples also has an increased Ca (0.12-0.17 apfu) compared to garnets in other tourmalinite samples. It is possible that Ca was derived from associated gneisses, in which Ca-rich cores of plagioclase were exposed in the process of deformation during the retrogression stage.
The chemical compositions of the tourmaline (zones II and III) from tourmalinites and those from the surrounding mica schists are rather similar. The central part of the tourmaline (dravite) from the mica schists corresponds to the zone II in the tourmaline from tourmalinites. Moreover, a predominant part of schorl-dravite from mica schists containing inclusions of garnet, biotite and muscovite is comparable with outer zone of the tourmaline (zone III) from tourmalinites. The chemical composition of tourmaline reflects its metamorphic grade. The dravite in the central part of tourmaline crystals from the mica schists exhibits the compositional characteristics of tourmaline crystallized during a prograde metamorphism at the amphibolite-facies conditions (Henry and Guidotti 1985; Dutrow 1996, 1997) , characterised by the mineral assemblage Qtz + Ms + Bt + Tu ± Ky ± St ± Grt. The second generation of tourmaline (schorl-dravite) was formed during exhumation of the SU, simultaneously with decompression breakdown of staurolite, according to the reaction St + Ms + Qtz = Grt + Sill + Bt + H 2 O (Buriánek and Čopjaková 2008) . As a result of this reaction, muscovite breakdown could release some B and F for tourmaline formation.
Tourmaline in the tourmalinites as well as in the country-rock mica schists represents the mineral richest acteristic of rocks in the upper parts of the amphibolitefacies conditions. The central (poikilitic) part of large garnet porphyroblasts in the tourmalinites represents growth during a prograde metamorphism with typical prograde zoning manifested by an increase in Mg and decrease in Fe (and sometimes also Mn) from the centre outwards. The simultaneous growth of the tourmaline of zone II with garnet is evident from textural relations. Observed prograde metamorphic zoning in garnet cores indicates that the tourmaline zone II grew during this metamorphic event. A similar prograde metamorphic zoning was, albeit rarely, observed also in the cores of garnet grains from the mica schists (Fig. 7a, c) . The peak P-T conditions of this prograde metamorphism could not be determined because of the absence of suitable inclusions in the garnet. The chemical zoning in marginal part of garnets (a rimward decrease in Mg, Ca and an increase in Mn and Fe) in both tourmalinites and mica schists testifies to garnet growth during decreasing pressure and temperature (Spear et al. 1995) (Fig. 7b, d ). The second garnet generation in mica schists probably resulted from the staurolite-consuming reaction St + Ms + Qtz = Grt + Sill + Bt + H 2 O. Textural relations of garnet and tourmaline in mica schists support tourmaline formation predominantly (excluding dravite cores) during retrograde phase of metamorphism.
Whole-rock chemistry and origin of tourmalinites and associated mica schists
The tourmalinites at all the localities have a similar chemical composition and an analogous geological setting. Major element chemical composition of tourmalinites resembles many tourmalinites worldwide and reflects the variation in the modal content of the rock-forming minerals (Plimer 1986 (Plimer , 1987 (Plimer , 1988 . Differences in the chemical compositions between mica schists and tourmalinites correlate well with differences in the mineralogical compositions of the two rock groups. The considerable similarity in the chemistry of tourmalinites and mica schists, including the REE patterns, suggests a similar protolith for the both rock types. The variation in most of elements reflects the variation in the mineralogical composition, associated with the transition from mica schist to tourmalinite. The decline in Ca, Na, K, Ba and Sr abundances is correlated with decreasing quantities of micas and feldspars, whereas the increase in Mg and B in the tourmalinites corresponds to the increase in the tourmaline content. Similar whole-rock geochemical trends were observed in tourmalinites and associated metapelites in other regions (Slack 1993; Shaw et al. 1993) . The increased content of the paragonite component in muscovite probably reflects the chemical composition of in Mg. In all the tourmalinite samples, where tourmaline coexists with biotite ± garnet, the tourmaline exhibits a higher average X Mg (except for older pre-Variscan schorl cores) than biotite and garnet according to the scheme Grt < Bt < Tu (compare Tabs 2, 4-5 and Fig. 9) . The values of X Mg for the main rock-forming minerals from all the samples of mica schists increase in the order Grt < St < Bt < Tu (Buriánek and Čopjaková 2008) . The X Mg values of the whole-rock samples show a positive correlation with the X Mg of individual ferromagnesian minerals (tourmaline, biotite, garnet and staurolite). The positive correlation in tourmalinites mentioned above is illustrated in Fig. 9 . The differences in X Mg of tourmaline and associated minerals at individual localities reflect Mg/(Mg + Fe) ratio in the rock.
In this sense, tourmaline provides valuable information regarding the evolution of tourmalinites and the associated rocks.
Compositional evolution of garnet
The majority of the examined garnet grains exhibit a flat diffuse compositional zoning in the core, which is char-it is unlikely that the elevated contents of the paragonite component indicate elevated pressure during metamorphism.
The CaO/Na 2 O vs. P 2 O 5 binary diagram (see Fig. 10a ) shows a positive correlation between CaO and P 2 O 5 in the tourmalinites. However, a positive correlation between Na 2 O and CaO was observed in mica schists. These relationships indicate apatite as the main carrier of CaO in tourmalinites. However, in mica schists the content of CaO depends mainly on the quantity of plagioclase and its composition. The positive correlations in plots K 2 O vs. Rb and Al 2 O 3 vs. B in tourmalinites (see Fig. 10b-c) are in good agreement with a low content of feldspars and a high content of tourmaline.
The high, though rather variable, contents of F and B in the tourmalinites show a good mutual correlation and reflect the quantity of tourmaline in the rock. In the mica schists, a high F content reflects a high proportion of fluorine-bearing micas, but the variable boron content (13-3198 ppm B) always depends on the presence of tourmaline.
The fluorine contents in the southern and central parts of the SU (0.12-0.96 wt. % in tourmalinites; 0.09-0.37 wt. % in mica schists) are higher than in ordinary metapelites abroad. For instance, Torres-Ruiz et al. (2003) reported contents of 0.13-0.15 wt. % F for tourmalinites and 0.07-0.13 wt. % F for country-rock metapelites. The increased fluorine contents are characteristic for tourmaline, biotite and muscovite, both in tourmalinites (Tu ≤ 0.51 apfu; Ms ≤ 0.27 apfu; Bt ≤ 0.42 apfu), and in the country-rock mica schists (Tu ≤ 0.39 apfu; Ms ≤ 0.51 apfu; Bt ≤ 0.36 apfu). The two-mica schists with garnet and staurolite, typical of the northern part of the SU, contain lower fluorine abundances in the individual minerals. However, they still remain relatively high (tourmaline up to 0.2 apfu; muscovite up to 0.34 apfu; biotite up to 0.35 apfu) (Buriánek and Čopjaková 2008) .
Locally increased contents of P (up to 1.0 wt. % P 2 O 5 ), As (up to 170 ppm) and Sn (up to 38 ppm) can support the hydrothermal origin of tourmalinites. As noted by Kebrt et al. (1984) , it is more probable that protolith of tourmalinites and their country-rock metapelites represented sedimentary rocks with primary enrichment in B, and possibly also F and Fe (exhalites) . In their view, the tourmalinites could have been formed by reaction of relatively low-temperature hydrotherms with pelites in the original sedimentary basin. The elevated contents any of other elements Pb, Zn, Cu, Co, Cr, Ba or Sr might indicate submarine exhalative origin of hydrothermal fluids (Taylor and Slack 1984; Plimer 1987) . However, the concentrations of these elements are typically low in studied rocks.
In a lithostratigraphic context, the tourmalinite occurrences are limited to a level above the Nedvědice marbles. tourmalinites. As micas represent minerals crystallized or re-equilibrated during the retrograde metamorphism, Some rocks (especially migmatites and metagranites) of the surrounding metamorphic complex are anomalously rich in Sn, As, F, Bi, and B (Němec 1979, 1980) . Enrichment in these elements is typical of infiltration iron-rich skarns enclosed inside Nedvědice marbles (Houzar and Hrazdil 2009 ). Input of P, As and Sn by hydrothermal granitic fluids from associated metagranites cannot be excluded. Direct derivation of all F-and B-rich fluids from neighbouring metagranite and migmatite bodies is unlikely with regard to the absence of clear field relations among tourmalinites, migmatites and metagranites. This lack of field association was already noted by Němec (1979 Němec ( , 1980 .
Conclusions
Tourmalinites (rocks with an association Tu + Qtz + Ms ± Grt ± Bt ± Ky ± Sil ± Pl ± Kfs) from the Svratka Unit form stratiform layers hosted in mica schists with mineral association Qtz + Ms + Bt + Tu ± Ky ± Grt. Similarities in the chemical composition of the tourmalinites and the mica schists suggest a similar protolith to the both rock types. Tourmalinites are interpreted as a part of a metamorphosed volcano-sedimentary complex primarily rich in F and B. However, the derivation of all the F-and B-rich fluids from the neighbouring migmatites and metagranites is unlikely.
The chemical composition of tourmaline from both tourmalinites and mica schists varies from Al-rich schorl to dravite. The compositional variability of tourmaline is controlled predominantly by the ( X  Y Al W OH) ( X Na Y Mg W F) -1 and Y Fe Y Mg -1 substitutions. The presence of brecciated tourmaline cores with a complex structure in tourmalinites indicates multiphase evolution of the rocks. These cores (Al-rich schorl with a high X-site vacancy) are interpreted as an older, lowtemperature hydrothermal (probably volcano exhalative fluids) tourmaline.
The next generation of tourmaline (dravite composition) in tourmalinites as well as tourmaline cores from mica schists exhibits compositional characteristics of the prograde, amphibolite-facies metamorphic event characterised in mica schists by the mineral assemblage Qtz + Ms + Bt + Tu ± Ky ± St ± Grt.
The last generation of tourmaline (schorl-dravite) present in both the mica schists and tourmalinites, formed during exhumation of the Svratka Unit accompanied by decreasing pressure and temperature. In the mica schists, this event resulted in decompression breakdown of staurolite, according to the reaction St + Ms + Qtz = Grt + Sil + Bt + H 2 O. The P-T conditions of this retrograde metamorphism were calculated at 600-640 °C and 5-6 kbar.
